Abstract: ABA type triblock copolymers possessing polystyrene as middle segment and poly(ε-caprolactone) (PCL) and poly(ethylene glycol) (PEG) as side segments were synthesized by combining two photochemical strategies, namely photoinduced atom transfer radical polymerization (ATRP) and click processes. For this purpose, α,ω-diazido functional polystyrene (N3-PS-N3) was synthesized by photoinduced ATRP using a bifunctional initiator, followed by a simple substitution of the chain end halides. Parallel to this, the alkyne-PCL was synthesized by ring opening polymerization of ε-caprolactone, employing propargyl alcohol as initiator. For the synthesis of alkyne-PEG, industrially available PEG was functionalized by a simple esterification reaction using 5-pentynoic acid. After the syntheses of these alkyne functional polymers as clickable counterparts, they were reacted with N3-PS-N3 by photoinduced click reactions to prepare the desired triblock copolymers. All polymers were characterized by NMR, FTIR, and GPC analyses.
INTRODUCTION
Development of controlled/living radical polymerization (CLRP) processes has brought a complete breath of fresh air to the synthetic polymer community by providing molecular weight and functional group control over the materials prepared (1) (2) (3) (4) . Among the most intensively used CLRP techniques, Atom Transfer Radical Polymerization (ATRP) has attracted a great deal of interest, as its applicability to a wide range of monomers and high tolerance to a variety of chemical environments (5) (6) (7) (8) . In addition, it eventually yields polymers with halogen chain-end functionality, which can be used for further modification processes. Combination of ATRP with highly effective click reactions provides the syntheses of complex macromolecular architectures including telechelic polymers (5), block (9), graft (10, 11) , and star copolymers (12, 13) , which cannot be synthesized by a single polymerization mechanism. The most favored click reactions by the synthetic polymer scientists are undoubtedly the Diels-Alder (14) and copper-catalyzed azide-alkyne cycloaddition (CuAAC) (14, 15) reactions that can be realized with almost quantitative efficiencies. Specifically, CuAAC reactions, which occur between an alkyne and azido functionality, is the most intensively investigated click reaction due to the possibility of performing these reactions under milder conditions in comparison to Diels-Alder reactions.
Both ATRP and CuAAC require low oxidation state copper (Cu(I)) complexes as catalysts (Scheme 1). Scheme 1. Conventional ATRP and CuAAC.
Therefore, a major drawback surfaces as Cu(I) complexes may undergo oxidation that alter the rates of reactions. Thus, concurrent generation of Cu(I) catalysts by the reduction of the Cu(II) complexes was proposed to deal with this problem. This is achievable by using the chemical reduction method, which require phenols, ascorbic acid, and hydrazines as reducing agents (16, 17) . Alternatively, photochemical reduction processes can also be utilized by employing radicalic photoinitiators or photosensitizers (18) (19) (20) (21) .
Photochemical approaches have distinctive advantages in comparison to other strategies as they supply 3D-shape control over the materials prepared and temporal control over the reactions.
To take such advantages, photochemical processes were utilized to ATRP techniques and CuAAC Scheme 2. Photoinduced ATRP and CuAAC reactions.
Herein, a novel strategy for the preparation of triblock copolymers by the combination of two photoinduced processes, namely ATRP and click reactions was described. For this purpose, a bifunctional ATRP initiator was used, which yielded bifunctional polystyrene (Br-PS-Br).
Subsequently, the halogen functionalities were substituted to azido groups, which will be used for click reactions (N3-PS-N3). In parallel to this, alkyne functional poly(ε-caprolactone) alkyne-PCL and poly(ethylene glycol) (alkyne-PEG) were synthesized as clickable counterparts. Finally, these polymers with antagonist groups were clicked under photoinduced reaction conditions to afford the triblock copolymers. The structures were confirmed by spectral analyses and the molecular weight characteristics were analyzed by chromatographic measurements. 
Photoinduced CuAAC reactions
A typical photoinduced CuAAC reaction is carried out as follows: to a Schlenk tube equipped with a magnetic stirrer, N3-PS-N3 (1.0 eq), alkyne-PCL or alkyne-PEG (1.2 eq), ligand (PMDETA, 0.5 eq) and CuCl2 (0.5 eq) was added and dissolved in dry DMF. The reaction mixture was purged with nitrogen for 5 min and the tube was sealed, which was then exposed to visible light irradiation (λ= 400-500 nm) for 24 h. At the end of the irradiation, the reaction mixture was poured into ten-fold excess methanol and the precipitate was filtered off and dried. 
RESULTS AND DISCUSSION
For the preparation of triblock copolymers, N3-PS-N3 was synthesized as the clickable inner segment by applying photoinduced ATRP, followed by a simple substitution reaction using sodium azide. In parallel to this, alkyne-PCL and alkyne-PEG was synthesized, which were then photochemically clicked with N3-PS-N3 to afford the corresponding PCL-b-PS-b-PCL and PEG-b-PS-b-PEG triblock copolymers. In both photoinduced steps, bis(acyl)phosphine oxide (BAPO) was used as the photoreducing agent for the generation of Cu(I) catalyst. The choice of BAPO lies back on the high efficiency of the phosphonyl radicals to reduce Cu(II) salts as reported previously (24, 28, 29) . The overall process for the synthesis of triblock copolymers is shown in Scheme 3. 
CONCLUSION
In conclusion, two photochemical processes, namely photoinduced ATRP and CuAAC, were combined in a sequential fashion for the preparation of triblock copolymers. Given that the antagonist click functionalities are attained at the chain ends of the polymers, the methodology described here was shown to be an efficient and useful strategy for triblock copolymer syntheses.
Notably, it provides the preparation of triblock copolymers, which can not be synthesized by a single polymerization technique. Therefore, triblock copolymers with biocompatible segment properties can be synthesized by this strategy as we showed on the case of PCL and PEG. This study is expected to receive interest from the synthetic polymer community and open new pathways for the design and syntheses of various macromolecular architectures.
